Introduction
Cost-Effectiveness Studies of Environmental Technologies Volume I is a collection of short cost-effectiveness studies. These studies evaluated the cost and performance of technologies sponsored by the Department of Energy's Office of Technology Development (EM-50) . This volume includes monitoring, characterization, and remediation technologies.
Future volumes will be available two to three times a year. Detailed studies on many of the featured technologies are also available.
These cost-effectiveness studies were developed through use of the Environmental Technology Cost-Savings Analysis Project's (ETCAP) standard methodology, which was developed in 1991. DOE has recognized that improvements in environmental restoration and waste management methods can potentially save the taxpayers billions of dollars as older, less-effective technologies are displaced.
A simplified version of the ETCAP methodology can be used by managers to screen technologies, and the full version can be used throughout OTD sponsored projects to perform cost-effectiveness analyses. Standardization will provide quality assurance for future OTD technology evaluations, and furthermore will help ensure that an adequate and consistent level of cost information is reported during the demonstration of OTD technologies. For further information about ETCAP, please contact Steven R. Booth, (505) 667-9422.
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A STANDARD METHODOLOGY FOR COST-EFFECTIVENESS ANALYSIS OF NEW ENVIRONMENTAL TECHNOLOGIES
original remediation site may become available for public use, which is clearly not the intent with in situ vitrification.
Most ER technologies approach their task in different ways, which makes the job of the evaluator more difficult.
Our principal goal is to identify a level playing field for use in comparing the technologies. This implies that all aspects of performance and cost of the technologies must be understood. Developers of the new technology and commercial firms that use the base-line technology are important sources when arriving at this understanding.
Discussions should occur between the evaluator and the above parties in order to develop scenarios for comparison where both technologies reach similar performance levels.
Comparability in cost must also be defined. The technologies should be of similar scale and development.
For example, it is preferable to estimate the decreases in costs that will occur when a new technology is commercialized and compare these costs to existing baseline technologies. Because of its experimental nature, the costs of a demonstration-stage technology are usually higher than when the technology is commercialized. Also, all system and life-cycle impacts of using one technology instead of the other must be costed and included. For example, with in situ air stripping, it may be necessary to 
General Approach
The purpose of cost-effectiveness analysis is an accurate comparison of the performance and cost of different technologies on an even basis. Of course, the fundamental challenge of the analysis is finding an appropriate way to compare technologies that, upon initial examination, often appear to be incomparable, i.e., "apples and oranges". We allow for uncertainty of performance by using scenarios with parameters that cover the range of possible performance. In this manner, estimates for different site geologies, wastes, etc. can be developed. Also, the breakeven point at which the use of the new technology becomes cost-effective can be shown.
Steps In Cost-Effectiveness Analysis
Cost-effectiveness analysis is best accomplished in a stepby-step manner, with emphasis given to understanding the whole picture before emphasis is given to the details of cost analysis. The following figure presents the principal steps of cost-effectiveness analysis in schematic form and begins with the definition of the base-line and OTD technologies, i.e., the technologies to be compared.
The remediation system in which these technologies operate is then described. This is a critical step because the technologies may impact the system in different ways, and the cost changes must be included in the analysis.
The next step is to develop life-cycle cost estimates of the alternative technologies. These are the cradle-to-grave costs, including the RDDT&E costs plus the full-scale application costs for implementing the technologies in a typical system. The performance of the technologies is next described in detail, with emphasis on how the costs With the cost data and performance scenarios in hand, 
A. Definition of Technologies
The first step in the cost-effectiveness process is to identify and define the technologies to be compared. 
B. Definition of System
During this step, a study is made of how the technologies fit into the whole remediation effort or "system. 
C. Characterize Performance
In this step the analyst attempts to gain a full understanding 8
The level of detail of the cost estimate is dictated by the scenarios to be used in the cost-effectiveness evaluation.
For example, for an analysis of a site characterization technology, different well depths might be used in the scenarios. Consequently, the cost elements that are depth dependent must be detailed so they can be varied according to the scenarios. There is no need to estimate costs to a lower level than the scenarios dictate.
It is desirable to estimate the life-cycle cost in two stages.
First, an estimate is made of the RDDT&E cost plus the cost of implementing the technology alternatives ignoring the system-wide cost impacts. For example, in an in situ air-stripping operation, this means estimating the cost of RDDT&E plus the cost of fabricating, setting up, operating and maintaining the operation. Second, all cost impacts throughout the system brought on by using the new instead of the base-line technology are calculated, from site characterization to the disposal of residuals. These are the cost differences caused by implementing one technology instead of another. Thus, the total system costs for both alternatives are not being estimated, but only the differences in those costs, as described in the system definition section above. Thus, the cost-effectiveness comparison consists of comparing the life-cycle costs for the new technology itself with the cost of implementing the base-line technology and at the same time accounting for the impacts on the system.
E. Uncertainty
Uncertainty is very prevalent in the environmental arena.
At the site characterization stage, for example, there is major uncertainty in our understanding of the hydrology at specific remediation sites and the complexities are still beyond our modeling abilities. proper choice for these decisions". 2 In the discussion that follows we review some of the methods for dealing with uncertainty in decision making.
Sensitivity Analysis
One method of analysis is sensitivity analysis. Sensitivity analysis is useful for determining the worth of additional information about uncertain variables. That is, it involves detecting which variables have the largest impact on the cost of the optimal solution when they are changed and whether more specific information about these variables is likely to change the optimal solution. 3 To determine these key variables, cost parameters are varied over their ranges. This is done one variable at a time in order to investigate the effect of each on the total cost. 4 However, if the scenario has been designed so that both technologies operate at the same speed/ performance level, the life-cycle costs can be directly compared to see which is more cost-effective. 13 This style of analysis is often useful in determining the costeffectiveness of a well-defined project, such as a heating system that must satisfy established performance specifications.
H. Total Cost Savings
The goal of this step is to estimate the total cost savings 
Conclusion
Clearly the cost-effectiveness analysis of new environmental technologies is not a trivial undertaking.
As DOE faces a massive clean up effort of waste sites, the necessity of choosing applying the correct technology will become imperative. Insuring that the new innovative technologies are cost effective is a necessity beyond measure. The methodology outlined in this discussion can be used not only by DOE officials, but also by managers across the country.
• In Situ Air Stripping (ISAS) is estimated to remediate both the vadose zone and saturated zone (groundwater and sediments below the water table) contaminated with chlorinated solvents for two-thirds the cost of conventional methods.
• ISAS can remove VOCs for approximately 58% of the cost of removal by a combination of conventional pump and treat and soil vapor extraction.
• ISAS removed 16,000 pounds of VOCs during a 139 day field test at the Savannah River Site in 1990.
• ISAS (with a combination of injection and extraction) removes VOCs at a rate of 130 lbs/day.
• The total cost per pound of VOCs removed with ISAS was $15.59; the conventional technology cost $27.07 per pound of VOCs removed.
• Over a five year life cycle, ISAS is expected to remove 135,780 pounds of VOCs.
Background and Caveats
In 
Analysis
The data used in these analyses have a "field In Case 3 we assumed that the ISAS VOC extraction rate is only 57 lb/day for the entire 5 years. 
Perspectives and Cost Drivers
The 
Surface Towed Ordinance Locator System (STOLS)
• STOLS is being developed as a faster, more accurate means of performing magnetometer surveys of a site.
• STOLS is primarily used to find low magnetic signature objects relatively close to the surface.
• For more hazardous environments, STOLS provides the surveyors with less danger.
• For a DOE waste site requiring 5 ft. centers, STOLS does not become cost effective until high labor rates and/or at least 50 acres are to be surveyed. The STOLS system is similar in appearance to a dune buggy.
Background and Analysis
points are to be taken. Rather, STOLS uses the Global
Positioning Satellite (GPS) system to associate latitude and longitude information with each data point.
In comparing the performance of STOLS and the baseline technology, we focused on the intended use of STOLS:
the replacement, wherever reasonable, of hand-held conventional magnetometer surveys. Thus, we considered the strategies for performing a magnetometer survey as listed in previous table.
In order to consider a broad range of possible STOLS applications, scenarios were constructed that are directly related to the plans given in the table. The first scenario compares the cost of using STOLS (Plans 3 and 4) with the cost of using on-site personnel and equipment (Plan 1) because STOLS is a service provided by Geo-Centers, Inc., and is not at this time a hardware and software system that is offered for sale. Thus, a per-acre rate was established from information provided by Geo-Centers.
This use of on-site personnel and equipment is a key assumption that the first scenario is predicated upon. We feel that this is a reasonable assumption in that it permits the reader to determine what the approximate minimum costs should be in the absence of any overhead and profits
Perspectives
In this section, we address some of the differences in performance between the STOLS system and conventional hand-held magnetometer surveys. Both methods provide a way of collecting information about the subsurface geology, with emphasis placed on locating buried manmade objects. In a hand-held magnetometer survey, a site is divided into convenient areas of about 1 acre each. The second scenario compares the cost of using a contractor to perform the survey in the conventional manner (Plan 2) with surveys performed by STOLS (Plans 3 and 4).
Each of these scenarios was considered in conjunction with two other factors. The first factor was a comparison made between using five foot centers versus two foot centers for the hand-held conventional survey. The second factor to be considered was the health protection precautions required by workers at the site. For the purposes of the principal study presented here, workers at the site were assumed to be using level D protection.
The scenarios were then analyzed for their per-acre cost of performing the survey. The scenarios are not meant to be comprehensive cost estimations for site characterization using magnetometer data. Rather, we were interested in comparing the cost effectiveness of the new technology (STOLS) relative to the baseline technology.
A. Comparing STOLS with Conventional (On-Site Personnel)
The results of the comparison are somewhat mixed depending on the labor rate, site size, and health precautions being considered. A general conclusion is that STOLS is not cost effective for buried waste sites requiring level D precautions or lower and 5 ft. centers or larger until the total area to be surveyed reaches 50 acres and a high labor rate is used. However, there are other factors to be considered. For example, when 2 ft. centers are required, STOLS becomes cost effective between 2 and 5 acres. For even tighter grid requirements, we believe that STOLS will be cost effective for very small site sizes (less than 1 acre). Grid requirements are directly related to the amount of data required to adequately characterize a given site. If the site contains only buried waste trenches and the goal of the survey is to identify those trenches, then a 5 ft. survey (or an even greater grid spacing) is sufficient and the additional data provided by STOLS is of little value. However, surveys performed at sites that contain ill-defined burial locations, or at sites where characterization is important, or when time is critical, would benefit from the added information and/or speed available when employing STOLS.
B.
Comparing STOLS with
Conventional (Contractor)
For the contractor prices used in this section, STOLS becomes cost effective in a variety of site size ranges.
However, the reader is cautioned that all of the concerns raised in this report still need to be addressed, the principal concern being that of just how much data is needed to 
Cost Drivers
The major cost drivers for the STOLS system are labor, site size, and mobilization/demobilization costs. Because
Geo-Centers Inc. does not sell STOLS as a hardware and software package, the equipment must be moved from the nearest Geo-Centers Inc. center of operations to the 18 centers or denser is required), STOLS becomes the more cost effective choice.
• For a ten acre site, using a labor rate of $60/hr and level C precautions, STOLS saves $57,000 over the same survey performed in the conventional manner.
• Although STOLS does not appear to be cost effective for small sites when compared against typical DOE magnetometer surveys, STOLS provides two orders of magnitude additional data that may set the standard for such surveys in the future. necessary location. This can mean incurring significant additional costs that are not incurred by the baseline technology. Labor rates must also be considered as a cost driver because they vary from region to region, starting as low as $40 per hour and reaching higher than $80 an hour. If STOLS is used in an area with high labor rates, then the cost of using STOLS will increase as well. Site size can also affect the total cost of using STOLS. For a small site (less than 50 acres), STOLS is not cost effective.
As the size of the site increases, the cost of using STOLS decreases and becomes more effective.
Applicability
The STOLS towed device is more susceptible to terrain problems than either the STOLS portable device or the conventional device. Therefore, for sites that require any preparatory work, the models presented in this report should be updated to include the costs of this work prior to the selection of the method to employ. One conclusion that is indicated by the data is that STOLS becomes more cost effective as the hazards at the site increase. If GeoCenters so desires, they may be able to build a STOLS system for hazardous sites requiring level B or A precautions. At these sites, STOLS will probably be very competitive. STOLS is also desirable in sites that require the added information available from a denser survey.
Thus if it is believed that there might be objects buried at a site for which there is no historical or other evidence to indicate the locations of these objects, and if these objects are small enough to be missed by a conventional survey, then the use of STOLS is warranted.
Conclusions
• When additional data density is desirable (that is, 2 ft.
• Ditch Witch horizontal boring technology is a method of installing shallow (less than 80 ft) environmental horizontal boreholes and wells in compactible geologies.
• The most significant advantage of the technology is its low cost when compared to other horizontal drilling methods and its ability to emplace wells and boreholes with little or no secondary waste generation.
• Costs for this technology normally range be-tween $50-$75 per foot for installation of a horizontal well. This is significantly less than most other horizontal drilling methods.
• Where vertical access is limited and large volumes of drilling fluids cannot be used, this type of technology may be the only acceptable method of installing wells for characterization, monitoring, or remediation.
• For the remediation of a long, linear plume a single horizontal Soil Vapor Extraction (SVE) well can be expected to have performance and costs comparable to two or three vertical wells. In these situations consideration should be given to the practical advantages of operating and maintaining a single well over two or three manifolded wells. 
Analysis and Caveats
Cost Drivers
The Costs for Operating SVE System to Remove Roughly 11,000 lbs of TCE 22 location and zone location. If three or four vertical wells are to be used, the site being remediated will be unusable for the duration of remediation activities. However, use of a single horizontal well may allow the area above the contamination to be used during remediation activities.
In addition, a single horizontal well may be far more aesthetically pleasing and publicly acceptable than three or four manifolded vertical wells. 
Ongoing Developments
Conclusions
• The Ditch Witch technology was designed to install shallow (less than 80 ft) horizontal boreholes and wells in compactible geologies. When used in applicable situations, it can provide significant cost savings.
• The most significant advantages of Ditch Witch are its low cost when compared to other horizontal drilling methods.
• Costs for the Ditch Witch methods normally range between $50-$75 per foot for installation of a horizontal wella horizontal well.
The Direct Sampling Ion Trap Mass Spectrometer
• The Direct Sampling Ion Trap Mass Spectrometer (DSITMS) can be used to analyze water, air, soil, sediment, and some solid samples for the presence of a large number of volatile organic compounds (VOCs).
• DSITMS can be used to analyze all 34 VOCs on the EPA's target compound list.
• DSITMS is unique because the introduction of the sample into the instrument does not require any preparation.
• DSITMS analyzes samples in less than five minutes.
• Cost per sample is about 20% of the amount charged by commercial labs using analytical methods currently approved by the EPA.
• DSITMS has a per sample cost of $46 (5 year life cycle and 3500 analyses per year). A commercial lab has a typical per sample cost of $254.
• The detection limits of the DSITMS are well within the range required by the EPA (parts per billion and even parts per trillion).
• Compared to other field screening technologies, the DSITMS has the highest possible sample analysis capacity.
• At maximum capacity, the cost per sample of the DSITMS decreases 25% to a low of $33.
Analysis and Caveats
The cost and performance characteristics of the DSITMS, with respect to standard sample analysis methodology, are described under three two-phase scenarios: the first phase is a site characterization in which soil and groundwater samples over a given geographic area must be analyzed so that the geographic dimensions and depth of a leachate plume can be mapped out; the second phase is a remediation situation in which the soil and the groundwater must be sampled regularly and frequently to determine the change in contaminant levels as the remediation process proceeds. 
Perspectives and Calculations
Conclusions
• The added use of DSITMS is clearly a preferable alternative to sending 100% of the samples to a commercial laboratory.
• Using DSITMS with 20% of the samples sent concurrently to a commercial lab could save $600,000 per 3500 samples.
• The principal advantages of the DSITMS are its speed, simplicity, convenience, and sensitivity.
• DSITMS represents a cost savings ratio of 5 to 1 compared to commercial laboratories.
• The DSITMS costs $33 per sample at maximum capacity.
• Field screening could save the Department of Energy about $208 per sample analysis compared to using a commercial laboratory
• In situ vitrification (ISV) is a thermal treatment technology for the destruction of hazardous waste in soils.
• In situ vitrification is applicable to hazardous inorganic and organic, radioactive, and mixed wastes.
• ISV results in a durable end product, permanent destruction of the organic components, and reduced handling and exposure to contaminated soil.
• ISV can process 800 to 1000 tons of contaminated soil in a single setting, at a rate of about 4 to 6 tons per hour.
• The final waste form generated by ISV is capable of passing the EPA's EP-Tox, SWLP, and TCLP leach tests.
• At 5% moisture, ISV costs $580 per cubic meter, versus $2062 per cubic meter for incineration.
• ISV eliminates secondary waste handling which can result in savings of 70%.
Analysis and Caveats
Cost Drivers
The following pie charts, one for ISV and one for 
Contingency
Contingency is included in both cost estimates as a 15%
addition. The contingency is included to more accurately reflect the total that a contractor might bid. Due to uncertainties about contaminated sites, such as the extent and nature of the contamination, and the regulations that may be applied, a contractor would likely include a mark up to cover unexpected costs. If the contract were on a cost plus basis, the contractors exposure to risk is low, and the contingency could also be lower. If the site is poorly characterized and the contractor is taking a lot of responsibility, the contingency could be higher. For this reason, the contingency is calculated as a separate line item, and can be deleted if desired.
Perspectives and Calculations
The site where the two technologies will be applied is critical to the analysis. Changes in the type of waste or other factors will affect the cost of both processes. The 
Sensitivity Analyses
Total costs estimates for ISV and incineration are influenced by certain unit costs. If these influential unit costs are also subject to uncertainty, then they could cause large fluctuations in the total cost. One unit cost that can affect the total cost is long-term monitored storage. is not likely that there will ever be a way to leave the incinerator residual product on the site.
Transportation of secondary waste is also a significant cost, and one that will vary depending on the location of the site being cleaned relative to the location of the long term disposal site. The cost of ISV is not affected at all by cost of transportation since the residual product is left on site. Incineration cost is dependent on the cost of transportation, and hence the location of the remediation site relative to the disposal site is a factor to consider when selecting a technology.
Another factor to consider is the water content of the site that is being remediated. Five percent soil moisture content corresponds to very dry climate conditions. Costs are also calculated at 10% and 15% soil moisture. With either technology, water in the soil can make a significant cost difference. Incinerator operation is especially sensitive to changes in soil moisture.
Ongoing Developments
As more experience with actual projects is gained, some costs of ISV can be expected to go down. The operation will become more efficient, and contingencies associated with this new technology will be reduced.
Conclusions
• Application of ISV to remediation sites can result in significant savings.
• The Site Characterization and Analysis Penetrometer System (SCAPS) is an effective tool for use in characterization and assessment of contaminated waste sites.
• SCAPS data can be used to effectively guide other drilling, sampling, and monitoring efforts.
• A major strength of SCAPS is its ability to utilize in situ chemical sensors for contaminant detection.
• SCAPS can acquire a significant amount of data (42 to 92 cone penetrometer pushes) for the same cost as four conventional monitoring wells.
• The largest factor in the cost effectiveness of SCAPS is its ability to avoid the installation of some very costly misplaced monitoring wells.
• Cost savings of 30% to 50% over the use of conventional monitoring wells alone are possible assuming 50% of conventional wells can be avoided by the use of SCAPS.
Analysis and Caveats
The SCAPS is intended for use in clayey or sandy soil. It is also effective in small gravel and weakly cemented sandstone; it will not penetrate contiguous rock. SCAPS was never intended to supplant drilling, but rather to Site Characterization and Analysis Penetrometer System complement drilled wells. If it is tried in harsh geologic settings higher rates of failure (e.g., broken push rods)
can be expected, and so it must be used judiciously.
SCAPS is also applicable in the detection of specific contaminants. For instance, a sensor is available for semiquantitatively detecting POL contaminants and a TCE sensor is under development. Other sensor development is being sponsored by DOE. The SCAPS system has been successfully field tested at at least 17 sites, predominantly in the southeastern United States.
Cost Drivers
The total cost for a SCAPS system is $809,200. Amortized at a real rate of 5% over 5 years, the annual cost is $183,24.
One of the significant cost drivers for the SCAPS system is the cost of labor; the labor cost is equivalent to 14% of the total cost. For the conventional technology, monitoring wells, a significant cost is the mandated ongoing monitoring. Conventional drilling leaves many non-useful wells which must be monitored or abandoned. The cost of monitoring these wells ranges from 10% to 30% of the total cost for each scenario. The costs for the monitoring wells are based on actual field experiences at the Savannah River Site. It is important to note that these cost comparisons are based on actual cost data; therefore, ranges of uncertainties were not considered in this costeffectiveness analysis because actual cost data were available.
Perspectives and Calculations
The largest factor in the cost effectiveness of the SCAPS cone penetrometer system is its ability to avoid the there is a lower breakeven point in costs, meaning that even fewer conventional monitoring wells may be avoided in order for the use of SCAPS to be cost effective.
Therefore, there is an even higher cost savings achievable by the use of SCAPS at a radioactive site. It must be emphasized that this scenario is speculative and does not consider all aspects of working at a radioactive site.
SCAPS has not been used in a radioactive environment to date, so this scenario merely illustrates some possible trends and considerations.
Ongoing Developments
There are several areas that have been identified for ongoing development in the SCAPS system. These areas will serve to increase the utility of SCAPS. The sufficient specificity and sensitivity must be developed. Developments will be required for contact sensors, and also for monitoring sensors that are intended for permanent emplacement.
• Automation: Robotics could be used to automate the compartment of the truck where push rods are assembled and disassembled as the penetrometer rod is inserted into the ground and then withdrawn.
In this manner, worker exposure to contaminated push rods (especially important in a radioactively contaminated area) can be avoided. Worker exposure to contaminants would be avoided and significant savings could be obtained in worker protection costs.
• Improved Mapping Capability: Global positioning systems can be utilized for precisely mapping the locations of cone penetrometer pushes.
• 
Conclusions
• Scenarios 1 through 4 demonstrate that significant cost savings are possible with the use of SCAPS.
• Cost savings of 30% to 50% are possible with the use of SCAPS.
• SCAPS can avoid the cost of installation, monitoring, and abandonment of non-useful wells.
• SCAPS can obtain significant data for the same cost as four monitoring wells.
• SCAPS can achieve a better site characterization for the same cost as the conventional technology. A better site characterization can lead to a more efficient, and thus less costly, site remediation.
• Rapid ongoing development indicates that SCAPS will be an even more powerful site characterization tool in the future.
The purpose of this report is to study the cost effectiveness • The overall cost effectiveness of In Situ Bioremediation (ISBR) is based on the cost sensitivity of the biological component; as the biological addition increases, the cost per pound of VOCs remediated decreases.
• The short-term cost of ISBR with a biological addition of 40% above the vacuum component is $21 per pound of VOCs remediated. The worse case scenario, ISBR + 0% addition, costs $29/lb of VOCs remediated, and is based solely on the vacuum component.
• The baseline pump and treat/soil vapor extraction system costs $31/lb in the shortterm and has no possibility of a biological addition.
• As demonstrated, ISBR has a possible savings of $1 million at the SRID site alone.
In Situ Bioremediation is based on two distinct processes 
System Caveats
The ISBR demonstration at the SRID was set up to address a "hot spot" of an overall larger VOC contaminant plume.
The pump and treat/soil vapor extraction system is engineer designed and presumed to perform optimally. 
Schematic Diagram of the Two Processes Involved in In Situ Bioremediation
In Situ Bioremediation Physical Process
Contaminant is removed via vacuum extraction. This process alone remediated 12,096 lbs of VOCs during the ISBR demonstration at the SRID. 
Biological Process
Analysis
The data used in these analyses have a "field 
Perspectives and Cost Drivers
The two largest categories in regards to cost for both ISBR and the baseline system are the costs of consumables and labor. The labor and consumables are greater than 85% 38 of the overall operating costs; therefore, if the overall remediation time of the project is shortened, the cost will drop. This is due to the nature of the labor and consumables which are incurred each day of operation.
Since ISBR can significantly decrease operation time, ISBR lowers the overall cost of the remediation effort. 
Applicability
SEAMIST™ System Deployment
• SEAMIST™ is an innovative technology that can facilitate measurements of soil-borne contaminants in horizontal and vertical boreholes.
• SEAMIST™ consists of an airtight membrane that is pneumatically emplaced inside the borehole along with any attached sampling or measuring equipment, e.g., sampling ports, absorbent collectors, in situ sensors.
• SEAMIST™ can be used to facilitate characterization and monitoring for VOCs, SVOCs, pesticides, herbicides, PAHs, PCBs, radioactive substances, metals, and other soil-or water-borne contaminants.
• SEAMIST™ can also be used as a platform from which to tow in situ instruments such as cameras, neutron logging tools, and sensors through the borehole to obtain real-time data.
• SEAMIST™ can be installed permanently with grout, semi-permanently with sand, or on a nonpermanent basis by using positive air pressure.
• SEAMIST™ can be a substitute for conventional borehole casing, but can also perform some functions that have no simple baseline of comparison, e.g., it can be used in conjunction with absorbent wicking pads to obtain samples of pore fluid contaminants on a recurring basis.
• The magnitude of the cost savings possible from using SEAMIST™ instead of conventional methods increases as the depth of the contamination increases and increases as the variety of contaminants at a site increases.
Analysis and Caveats
This analysis to determine the cost effectiveness of using Successful use of the SEAMIST™ technology requires that the geology of the site be sufficiently stable so that the borehole does not collapse before the membrane is emplaced. Also, the borehole surface must not be so rocky or sharp that it will tear the membrane.
Cost Drivers
The cost drivers for both the new and the selected baseline 
Cost Savings
The cost effectiveness of using this new technology was calculated for each scenario. The cost data used to calculate the cost effectiveness were based on actual costs or stated prices from vendors or a combination of both.
Therefore, no uncertainties were considered for these scenarios. For detailed information regarding cost estimates, see Henriksen and Booth, 1993. Overall, SEAMIST™ was shown to be more cost effective the deeper the contamination and the greater the variety of contaminant substances. SEAMIST™ can often be configured to perform tasks that require two different conventional technologies. This introduces economies of scope which can result in significant cost savings.
SEAMIST™ is very easy to remove and to dispose of after use. This is in contrast to conventional casing, which can only be abandoned after costly procedures.
Ongoing Developments
New, stronger fabric materials are continually being developed for use as SEAMIST™ membranes. Additional innovative uses for SEAMIST™ include functioning as a conduit liner or straddle packer. SEAMIST™ has also been used in obtaining gas permeability measurements, for fracture flow mapping, and to measure brine flow.
Conclusions
• SEAMIST™ can save from 16% to 74% of the cost of using conventional technologies, depending on the application.
• SEAMIST™ can sometimes perform tasks for which there is no conventional analog.
• In contrast to expensive cased borehole abandonment procedures, discontinuing use of SEAMIST™ may consist of removing the sand or disconnecting the air flow and then backfilling.
